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INVESTIGATIONS CF TUMBLING CHAPACTERISTICS OF A 1/20-SCALE
MODEL OF THE NORTHRCP N-9M AIRPLANE

By Ceorge F. MacDongall, Jr.
SUMMARY

The tumbling charecteristica of a 1/20-scale model of the
Novrthrop R-G4 airplens have been determined !n the Lengley 20-foot
free-gspinning timnel for variousc ccnflgurations and loading conditions
of the model. The investigation included tests to determine whether
recovery from a tumble could be effected by the use of perachutes.

An estimatlon of the forces due to accelesration acting on the pllot
during a tumble was made. The tests were poerfoimed at an equivalent
test altitude of 1%5,00C fest.

The results of the model tests indicate that 1f the ai*plane
is stalled with its nose up and near the vertical, or if an
appreciable emount of pitching rotation is 1mparted to the airplane
as throuzh the actlon cf s strong gust, the alrplene will elther
tumble c“ oscillate in pitch through a renge of angles of the order
of +120°. The normal flying controls will probably be ineffective
in preventing or in terminating the tumbling riotion. The results
of the model tests indicate that deflecticn of the landinz flaps
full down immediately upon the Initiation of pltching rotation will
tend to prevent the development of a state of tumbling equilibrium.
The simultaneous opening of two 7-foot diameter pezirachutes having
drag ccefficients of 0.7, one parachnte attached to the rear porition
of each wing tip with a towline between 10 and 30 feet long, will
provide recovery from & tumble. The accelarations acting on the
pilot durlng a tumble will be dangerous.

UNCLASSIEr=
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' INTRODUCTIOR -

At the request of the Alr Materiel Command, Army Alr Forces,
tests wereperformed in the Langley 20-foot free-spinning tunnel to
detormine the gpin and recovery characteristics and the tumbling (a
continuous rotation about the latersl axis of ths airplane) character——
igtics of a 1/20-scale model of the Northrop N-oM airplans. ~The
results of the apin-recovery tests have been presented in reference 1,
end the results of the twuimbling tests are presented herein,

The airplane représented by the modsel 1ls a twin—engine, flying—
wing airplane oquipped with pusher propellers. The airplans was
congtructed and flown to provide data for use in the development of
the Northrop XB-35 airplane emil was approximately one—third the
gize of the XB-35, Directional control on the N-GM airplane is
obtained by wing t:lp control surfaces designsated by Northrop
Alrcraft, Inc, es "scoop rudders” end "pitch flaps." The scoop
rudders ere installed on the lower surface of the wing Just
forward of the leading edge of the pltch flapg. - The pitch flaps

.. are trailing-edgs flaps snd are deflected up when the -scoop rudders

move down, - The pitch flaps are also uged ag:a longitudinal trim -
device whea. the landing flaps are deflected. Iongitudinal and
. laterel control are obtained with tralling-edge flaps designated -
by Northrop Aircraft, Inc. as "elevons." The elevons serve as
both elevators and allerons and are located jJust inboard of the
directionel control dsvices. :Landing flaps are insthlled along
the 'brailing edge of the wing hetween the pla.ne of symnetry and.
the inboard. end. of the elevons, :

. The tmn'bling characteriatics of the model were mvestigatad_'
for a basic. lcading designated by Northrop Aircra.i’t Inc. a8
flight test condition.number one and also with the center of
gravity moved forward. Teets were performed to determinse the
individual effects of deflecting the landing flaps, of extending
the landing goar, and of dsflecting the pitch flaps. The fin
effoct -of windmilling propellers was ascertainsd from tests with
horizental and verticel equivalent propeller fin ares installed.
At the request of Northrop Alrcraft, Inc., tests were performed
with 20-percert and with 35-percent span auxiliary leading-edge .
slats ingtalled and also with XB-35 type split rudderas installed
on each wing tip and opensd simultansously to determine the effect
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of these design modifications on the tumbling characteristics of the
model. The effect of installing various amounts of horizontal area
on a boom rearward of the model was investigated and tests were
performed to determine whether recovery from a tumble could be
effected by the use of parachutes. Approximate calculations were
made of the forces that would be acting on the pllot's head when the
airplane is tumbling.

SYMBOLS
b wing spen, feet
S wing area, square feet
c wing chord at any station slonz the span
c mean aerodynamic chord, feet
x/é ratio of distance of center of gravity rearwsrd of

Yeading edge of mearn aercdynemic chord to mean
aerodynamic chord

z /G ratio of distance between center of gravity and root
chord line to mean serodynamic chord (positive
when center of gravity is below root chord line)

m mass of alrplane, slugs

Iy, Ty, Iy moments of inertia about Xé Y, and Z body axes,
respectively, alug-feet

R distance from axis of tumbling rotation toc pllot's
head, feet

a full-scale rate of pitching rotation during twumble,
radisns per second

& acceleration due to gravity, approximately 32.2 fest
per second

o air density, slug per cubic foot

u relative density of airplane, m/pSbh
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APPARATUS AND METHODS
Models

The 1/20-305.13 model of the Northrop N-¢M sirplane previously
used. for the spin tests reported in reference 1 wes also used for . -
the tumbling teats. Because of difficultles encountered in
performing the tumbling tests, & second model was constructed and
prepared for testing by Langley to expedite the test program.
Dimensionsal and mase characteristics of the airplane represented
by the models are given in table I and a three-view drawing of
the models as tested in the clean configuration (flape neutral and
landing gear retracted) is presented as figure 1. Figures 2 and 3
are photographs of cne of the models in the clean and landing
configurations, respectively. The models were ballasted as
described in reference 1l to obtain dynamic similarity to the
alrplane at an altitude of 15,000 feel {p = 0.001496 slug per
cubic foot). A remote- control mechanism was mounted in one of
the models to open the parachutes for recovery tests. The pera-
chutes used were of the flat circular type, made of silk, and had
& drag coefficient of apnroximately 0.7 base’ on ths surface area
of the cenopy when spread out flat. The auxllary leading-edge
slates and equivalent propeller fin area used for the tumbling tests
were the same as those used for the spin tests reported in reference 1,
and are shown on figures 4 and 5, respectively. Teste were per-
formed with horizontal areas equal to 2 percent (peviously used
for spin tests), 5 percent, and 10 percent of the wing eres installed
on a boom resxrward of the model as shown on figure 6. The installa-
tion of the XB-35 type split rudders and a compariscn of the XB-35
type rudder controls with the N-9M rudder con’c.rols are prosented -
on flgure T.

Wind Tumnel and Testing Technique'

The tumbling tests were performed in the Langley 20~-foot free-
spinning tumnel, the opsration and design of which 18 generally
simlilar tc that of the 15-foot free-spinning tunnel as described
in reference 2., Various methods of lamnching were employed in the
tumbling tests. In order to determine whether the model. would
start tumbling of its own accord, the model was released without
rotation elther from an attitude in -which the model was approximately
horizontal, from an attitude in which the nose was epproximately
702 below the horizontel, from an attitude in which the model was
approximately vertical with ‘the nose up or was impelled into the
tunnel without rotation with the nose slightly above the horizontal.
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In order to determine whether the model would stop tumbling once the
tumbling motion had been started, the model was lavmched into the
tunnel by hand with either positive or negative pliching rotation.
The tumbling tests in which the model was released without rotatlon
were arbitrarily performed at a constant tumnel alrspeed of approxi-
metly 75 feet per second and those in which the model was launched
with rotation were arbitrarily performed at a constant airspeed of
epproximately 65 feet per mecond. The initial pitching rotation
imparted to the model for the teste in which it was launched with -
rotation was sufficient to tumble the model through one to three
complete revolutions. For the cases in which the model would
tumble, it could make only five to slx complete tumbles before
traveling escross the timnel and hitting the safety net on the
opposite side.

Motion plctures were taken of the tests so that a study could
be made of the motion of the model during the tumble and, for those
cages for which the model would not tumble, of the motion after
launching. An epproximstion of the vertical rate of descent of the
model during a tumble was determined from £ilm records of the tests
and from the tunnel airspeed. The camera speed being known, the
apparent vertical rate of descent was determined from the number of
frames of film in which the model mcved a certain vertical distance
in the tunnel. This apparent vertical rate of descent was added to
the tunnel airspeed to give an approximation of the vertical rate
of descent of the model during the tumble. An approximation of the
horizontal component of velocity during a tumble was cobtained from
the £ilm records in a manner similar to that for the vertical
component .

The model was launched into the tunnel with initial positive
pitching rotation for the tests mede to determine whether recovery
from a tumble could be effected by the use of parachutes. The
parachutes were opened for recovery approximstely two complete
tumbles after the model was launched. TFor some of the tests,
parachutes installed on both wing tips were opened simultanecusly
whereas for other tests only the parachute on one wing tip was
opened. The parachutes were installed on the model as described
in reference 1 for the spin tests. The pcints of attachment for
the parachute towlines are shown in figurs 8.

PRECISION

The measurement of the rete of rotation and of the vertical
and horizontal velocity components of the path of the model while
tumbling are believed to be accur,ate within limits of £5 percent
and +10 percent, respectively.
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: - The egccuracy of the ballasting of the models for the tumbling
tests was . the seme - as that reported in reference L for the.. sp:ln
tests.- The controls were set with an accuracy of +1°

TEST CONDITIONS

The conditione tested in the investigation to determine .the .
tunbling characteristics of the models are listed in table IT..
Full-scale values of mass parameters for the losdings tested on. .. .
the modele -and for various loeding conditions of the airplane are
given in table IIT.- As previously mentioned, the basic test
condition wes designated as flight test condition number one, . .. .
and in sddition, tests were made with the center of gravity moved
Forward 5 percent of the mean aerodynamic chord. For sach test
confittion, various elevon positions including neutral and maximum
deflections for longitudinal and lateral control were inveatiga,ted..-

_ ’I‘he N~ % airplene is equipped with a wheel mounted on top of
a stick to move the elevons for lomgitudinael and lateral control.
Longitudinal movement of the stick and wheel moves both elevons
either up or down together for longitudinal control whereas .
turning -the wheel moves one elevon up and the other elevon down
for laterel control. Although. there was no stick or wheel in
the models, control deflections are generally referred to herein
in terms of stick and wheel positions. The elevon deflections
were the same as those given in reference 1 for the spin tests
and are presented on figure 9. The scoop rudders were maintained .
at neutral throughout the entire test progrem. The pitch flaps,
were neutral except vhen the model was in the landing configuration
and for a few tests in which both pitch flaps were set 26° up in
order. to determine the effect of pitch flap deflectlion on the
tumbling characteristics of the model. The pltch flaps were
removed. from both wing tipe and XB-35 itype split rudders were. )
installed for tests to determine whether this type of rudder control,
acting in a manner similar to that of dive brekes, would have an
effect on the tumbling characteristics of the model. The aplit
rudders on each wing tip were open simuiltsneously 160° for these
tests. Unless otherwise specificsally. stated in the discussion, .
the model was in the clean configuration and ballasted to represent
flight test condition number one.

RESULTS AND DISCUSSION
. As previously mentioned, for, convenlence, two models of the

N-9M airplang were used in the tumbling investigation. . The results
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of preliminary tests indicated that both models had similar tumbling
characteristics. The results are presented herein therefore without
regard to the particular model used.

Interpretation of Results

Inesmuch as no data on the tumbling of full-scale alrcraft are
available, the accuracy of predicting sirplane tumbling characteristics
from model date ie unknown. In applying the model results to the
full-scale airplane the following interpretation has been vlaced on
the results from different methods of launchingz the model.

When launched into the tunnel, elther wwith or wlthout initilal
pitching rotation, the model either would or wculd not tumble. If
the model tumbled with either method of launchinsg it was taken as
an indication that the corresponding airplane could tumble,
although the airplane probably would be more likely to tumble if
the model started tumbling when lzunched with no v»itching rotation.
If the model stopped tumbling after belng lauwnched with Initial
pltching rotation, tiie results were internreted to mean that the
corresponding airplane would not tumble.

Clean Configuration

Flight test condltion number one.~ In general, the model
continued to tumble when lavnched with eilther inltial negstive
or positive nitching rotatlion regariless of elevon deflectlon
{table IV-A) thereby Indicatips that elevon eflection had no
apnreciable effect on the tumbling cheracteristics of the model.
For a typical tumble, the vertlcal component of velocity was
epproximately 150 feet per second, full scale, the horizontal
component of velocity wes approximstely 75 feat per second, full
scale, and the rate of rotation was approximately 1 rps, full scale.
The ccmponents of velocity anil the rate cf rotaticn were cttained
from the film records as previously desc:'ite’ an? are shown
gravhically on figure 10.

When releassed frcm a nose-up vertical attitude (table V-A},
the model sometimss started to tumble and at other timee oscillated
in piteh through a renge of approximately +120° measured from the
nose~-down position. These oscillations appeared to be only
lightly demped before the model reached the safety net at the
bottom of the tunnel. Figures 11 and 12 are reproductiona of
motion-plicture records of a typical tumble and of a typical
cecillatory motion, respectively, when the model was released
from a vertical attitude with its nose up. It appears from the
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results of these tests that the .airplens may start to tumble if it
is stalled with its nose up near the vertical or if it .is forced
into a nose-up attitude by a strong gust.

The model dfved into the safety net with oscillations in plitch
of the order of +15° when released from an attitude with its nose
approximately 70° below the horizontal {table VI-A). Vhen the model
was released from & horizontal attitude (table VI-B), it made one or
: two oscillations in pitch of approximately +40C and then dived with
the oscillations repidly diminishing in amplitude. The motion of"
the model when impelled into the tunnel with the nose of the-model
slightly above the horizontal (table VII) was generally similar to
that when it wes released from a horizontal attitude. From the ..
results of the tests with these latter three types of launchings,
it appears that the airplane will not start tumbling when 1t is
atalled with its nose slightly above the horlzontal or when 1t is
in a dive.

) Inasmuch a8 the model 4id not start tumbling for the clean
configuration, flight test condition number one, as previously
mentioned, when 1t wes released from & horizontal attitude, when

it was released with its nose T0° below the horizontal, or when

1t was impelled into the tumnel with its nose Blightly above the
horizontal, it was believed that the model alsc would not tumble
for any of the remsining configurations and loadinge on the test
progream when 1t was launched in any of these three manners. These
methods of lawmching, therefore, were not employed for the remainder
of the test program. - .

Equivalent fin effect of propellers.- The results of the tests
with propellers simwlated which are presented on tables IV-B and V-B
were generslly similar to those obhtained without the propeller fin
ares and thersby indicate that the fin effect of the propellers
was not sufficlently large to appreciably effect the tumbling -
characteristics of the model.

Center of gravity forward.- The results presented on tables IV-C
end V-C indicete that movement of the center of gravity 5 percent of
the mean aerodynemlc chord forward of normal had a somewhat
beneficlal effect on the tumbling characteristics of the model.
Vhenr launched with initial negmtive pitching rotation (noese down},
the model usually stoppéd tumbling and made two osclllations in
pitch of approximately +120° after which the oscillatlons started
to damp out. No appreciable effect of center-of-gravity location
was noticed, however, when the model was launched with initial .
positive pitohing rotation. Vhen released from a vertical attitude
with its nose up, the model oscillated in a manner generally
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similar to that previously described for lawnchings with initial
negative pitching moment. It 1s believed that the decreased
tendency of the model to tumble with the center of gravity forward
can be attributed to the increase in longltudinsl stability
agaociated with the forward movement of the center of gravity.

Auxiliary Slats Installed

Installation of 20-percent cpan auxllizry leading-edge’ slats
had 1little effect on the tumbling characteristics when the model’
was launched with initial pitching rotation. (See table IV-D.)
Yhen the model was releasad at 2 vertical attitude with its nose
up, however, the tendency of the model to start tumbling was
diminished and the amplitude of the osclllations in pltch was
decreased. (See table V-D.) Installation of 35-percsnt span
auxiliary leeding-edge slats had a somewhat teneficial effect on
the tumbling characteristics of the model in thet the model
would not now continue turbling efter being launched with Initial
negative pitching rotation when the stick was back. (See table IV-E.)
There was alsoc a reduced tendency for the model to continue
tumbling when the gtick was forward for launchings with either
initial nsgative or poasltive ypitehing rotsbion. The results on
teble V-E also show that for lawwhings from a nose-up vertical
attitude, the moiel exnlbited less tendency to tumble, and the
osclllations in pitch damped out mors raplily when the 35-percent
gpan glets were installed than when the model was in the original
configuration.

XB-35 Type Split Rudders TInstalled

The results on table IV-F ghow that Installation of the XB-35
type gplit rudders had no apvrecisble effect on the tumbling
characteristics of the model when launched with initisl pitching
rotation. A somevhat favorable effect of installing the split
rudders was noticed vhen the model was released from a vertical
attitude with its nose up in that the model generally would not
now tumble. (Ses table V-F.)

Landing Confilsuration

The results obtalned with the model In the lending configura-
tion (landing gear extended, landing flaps 500 down, and pitch
flaps 26° up) were generally similar to those for the clean
configuration when the model was launched with either positive or
negative initial pitching rotation. (See table IV-G.) A favorsable
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effect of the landing configuration was observed, however, when the
model was released from a noge-up vertical attitude. TFor thils
latter type of lammching, the model made one or two osclllations
in pitch of the order of +120° after which the oscillations damped
out and the model then dived to the safety net. (See table V-G.)

Tests wers next performed to ascertain the contribution of the
landing flaps, the lending gear, ‘end the pltch flaps in preventing
the model from tumbling, and in reduvcing the amplitude of the
oscillationse in pitch, when released from & nose-up attitude in the
lending configuration. -The results of these tests are presented
on table V-H through V-K and indicate that the deflection of the
landing flaps was the main factor in preventing the establishment
of a state of tumbling equilibrium and of reducing the amplitude of
the oscillations in pitch when the model was in the landing
configurstion.

Horizdntal Area Installed Rearward of the Model

Tastallation of horizontal area rearward of the model had &
beneficial effect on the tumbling charecteristics of the model.-
Vhen launched with either initial positlve or negative pitching
rotation with horizontal area =qual to elther 10 percent or to
5 percent of the wing area installed on a boom rearward of the-
model, the model stopped tumi:ling, made two or thiee cscillations
in pitch of rapldly diminishing emplitude, and then dived to the
safety net for all stick - wheel posltions., (Ses table IV-H and
IV-I.) TInstallation of horizontal area equal to 2 percent of the
wing area, however, haed no apprecieble effect on the tumbling
characteristics of the mrdel when the model wasa launched with
initisl pitching rotation. (See table IV-J.)

The model would not start tumbling when released from a
nose-up vertical attitude when any one of the three previously
nmentioned horizontal areams were installed. (See table V-L, V-M,
and V-N.} After release from the nose-up attitude, the model made
two or three oascillations in pitch of diminishing amplitude and
then dived down Into the safety net. The reduced tendency of the
model to tumble and to oscillate in pitch with horizontal area
installed mey be explained on the begls of an increase in
longitudinal stability contributed by the horizontal area.

Parachutes

The results of the tests performed to determine whether the
tumbling rotation could be stopped by opening parachutes are
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presented on table VIII. It was found that when parachutes attached
to the Pixed portion of the wing between the pitch flaps and the
elevons were opensd, the towlines and paracihutes wrappsd around the
wing and the model continued tumbling. Inasmuch as botk relatively
short (2.5 feet full scale) and rsletively long (30,0 fest full
scale) towlines were tested, the results indicete that perachutes
will probebly be entirely insffoctive in stopping the tumpling
rotetion regardless of towline length when the towlines are attached
inboard of the extreme wing tips. When a T-foot full-scale para—
chute was attached to each wing at the extreme tip with either a
10~ or & 30-foot full-scale tcwlins, the modsl stopped tumbling in
one to one and one—half rotations after simuitansous opening of
both parachutes. After the. . tumbling rotation stopped, the model
oscillated in pitch approximetely £90° meacured from the nose—dowm
position until striking the safety net. Inasmuch as it was pre—
viously indicatod that ths model stopped opcillating eand then
dived when it was released fram & horizontal attitude, it sppears
that the oscillations in pitch obtainsd after the parachutes
stopped the tumbling rotation on the model can be eliminated on

the airplans by releasing the perachutes after the tuwbling
rotation has definitely beoen evopped. A motion-picture record of

a typical recovery from a tumdls by the use of parachutes atitached
to the wing tips is reproduced as figure 13, The modsel somstimes
stopped tumbling and asometim:=s cchiinued tumbling when only the
parachute attacized to ome wing tip was opsnsd for recovery. It
sppears, therefore, thet in crfer to assure cessation of the
tumbling rotation by the use of parachutes, parachutes on both
wing tips should be opensd simuitansously,

Prevention and Terminstion of Tumbliﬁg

The results presented herein show that the normal flying
controls of the Northrop N-GM airplane will probably be ineffective
in proventing or in terminafting ths tumbling rotation. It has
been Indicated, however, that deflection of the laniing flaps
full down befors the tumdiing rotatlon has been established may
prevent the dsvelopment of a stable tumeling condition,

The resulty prosented hsrein have alsoc shown that the alr—
plense probetly will not sbart tumbling ualess it is stalled at a
nearly vertical attitude with its rome up or is forcsd into a
tumble, ag by a strong gust, It ie recummended therefore thst
care be exercised when mansuvering to avold stelling the airplens
with 1te noss up near the verticasl. If the alrplans 1s to be
flown through maneuvers 1n which the nose becomes nearly vertical,
it 18 recommended that parachutes be installsd for emergency
recovery from a tumble. A satiafactory parachute installation
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for rvecovery. from s tumble conmisgts of a paratchirte at least 7 feet
in diameter mounted elther inside the structure with-provisions
for positive ojection or on the uppsr surface of each wing tip. _
The parechutes ghould be attached to the rear portion of the -
rospective wing tip with a towline between 10 and 30 fest long
and should be opensd simz..ltanaously for recovery if the alrplane
starts to tumble. - o

-If the a.irplane is inad.verbently stalled with 1ts nose up -
and near the vertical, the -landing flaps should immedistely be
deflected full down as rapidly as posaible in an attempt to '
provent the establighment of s etable tumbling condition. If
the landing flaps axre deflected full down before the: e.irpla.ns L
has-fallen off appreclably from the stall, the airplane will not
tumble bub will make & few oscillations in pitch on the order of £120°
after which the oscillations will damp out. The stick should be
moved in a direction such aa to counteract the pitching motion in
order to decrease the time required for the oscillations to danp out.

1

Accelerations in a Tum'nle

Approxima.te calculations wore made to determine the accelerations
acting on the pilot's heed during a typical tumble for flight test
condition number one, - The ascaleirations wére considered to be caused
only by the rotation about the lateral axis, the effect of the
vertical and horizontal motions being negiected, The axis of bumbling
rotetion was assumed to be at ths certer of gravity meking the
redius from the axis of tumbling rotation to the pilot'e head
epproximately 3.5 feet., The full-scale rate of rotation was
approximately 6.3 radians per meconl, When only the acceleration
dus to rotation (q°R) is considered, it appears that an accelerghion
of approximstely h.3g would be acting on the pilot!s head during a
typical turble, Reference 3 indicates that positive accelerations
(such as to push the pilot down in the seat) of 5g will probably
cause temporary loss of vision and that forces of € to 77g will cause
loass of consclousnsss. It is further poinfed out in refersnce 3
thet negative accalesrations of three {imes the pull of gravity will
cauge syuphoms of concussion cf the brain and that negative accelera—
tions of 5g may result in massive cerabral hemorrages and d.ea.th. It
thus appears that if the airplans tumbles, the pilot may be in acute
pbysical danger as a result of the accelerations created by the
tumbling rotation, especlially if the alrplane tuwibles in a direction
such as to.cause negative acoslerations to act on his body and heed.
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CONCLUSTIONS AND RECOMMENDATIONS

On the basls of the results of the tumbling tests of a
1/20-gcele modol of the Norihrop N~OM airplens, the following
conclusions end recommendatlions regarding the tumbling character—
istics of the alrplans et an 2ltitude of 15,000 feet are made.

1. If the alrplene is stalled with 1ts noss up and nsar the
vertical or 1f an appreciable pitching rotation is imparted to the
airplane as by a gust when 1t is in the clean configuration for
flight test condition number one, it will either start twbling or
will oscillate in pitch through & rangs of angles of the order of
#120° from the nose—down position. The normal flying controls will
probably be ineffoctive elther in prevernting the tumble or in
producing recovery once s tuumble has started,

2. Tmmediate deflection of the landing flaps full down when the
alrplane is stelled with its nose up noar the vortical will prevent
the airplane from tumbling and will reduce the tendency of the air-
plane to oscillate in pitch after nosing down from the stall,

3. Simultaneously opealrg two parachules T feet in dismster
and having a drag coofficiext of 0.7, ons parachute attached to
the rear portlon of each wing tip, will effect recovery from a
tumble.

4., Installation of a horizontal teil of the order of 5 percent
of the wing area rearward of the asirplane will provent the sirplane
from tumbling,

5. The tendency of the airplane to tumble and to oscillate in
pitch will not bs as grset when the center of gravity is forward
approximately 5 percont of tho mean aerodynamic chord as when the
center of gravity is in 1ts normsl location for flight test condition
numbey one, The tendency of the airplane to tumble will also bs
reduced when leading-edgs slats are instelled.
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6. The accelerations acting at the pilot?s heed during a
tumble will be dangerous, especislly when acting in a negative
direction.,

Langley Memorial Aeronautica.l Laboratory
Rational Advisory Cormittes for Aerone.ut;ics

La.n@ey Fleld, Ta.. X : -
Georg@ F. Ma.cDou s 9,
Aeronautical Engineer

Approved :

le; é. Soule

Chief of Stability Remgarch Divigion
CGB -
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE

NORTHROP N-3 ATRPLANE

Length over all, £H « + 4 ¢ o o ¢ « o o« s o ¢ o s o ¢ o« o+ o 17,78
Pronellers, type . . + o + 2 ¢ 8 + s s o s s e« & s » « o Pusher
Propeilers, dlameter, ft e s e e e e s e e s s e e e s o« T.O0
Propellevs, nUmhOT + o « o o o & o o & ¢ o o o ¢ s s s o « o o s o 2
Propellers, Dlades cn each . + + « « ¢ ¢ 4 ¢ ¢ ¢ o ¢ ¢ 2 o o« o o & 2
Ving:

Span, Tt v o v 0 s e 0 4 e e e . e e e v s s . . 60,00

Area, 8 f£ . ¢« « « ¢ o o v e e 0 . . . . .« + s . bo00

. 1‘IACA-65 3-019

Section, root
. NACA- 65 3-018

Scection, tip . . .+ . . .

Tvist, tip leading edge down, deg b e e e s s et e s e e . o kO
Dihedral 25 percent chord line, deg . o + o -« e s e e e s 20
Aspect ratic Gt e e e e s s e e s s e e e e s e et e e s e e s Tk
Papsr ratio. « « « o « . . S o
Sweepback, 25 percent chord line, deg + s + s+ s 0 4 s« 21.0
Mean eerodynemic chord, in. .« « + ¢« 4 « +» » s ¢ ¢ + o « o« . 109.8
Leadlng edge of me=n aeroéynamic caord rearwexd of

leading edge of roct chord, In. .+ v ¢ ¢ v ¢ o v v + + & 69.7

Elevons:

Cherd rearward of hinge line, % . . « e 4 e 8 4 . e 1.57
Span, percent of Wing SPAN +. «+ + «+ o + s & o+ o & e « « » 33.6

Area rearward of hinge line, peicent of wing =uwea . . . . . 6.5

Pitch flaps:

Chord, percent of wing chord . . « + « + s ¢ o s o o o « « « 24,2

Span, percent of WiINg SP8N .« + + + -+ 4 s s s s 4 e 0 s . .« 23.6

Ares rearweri of hinge line, percent of wing area . ¢« « « 3.1
Scoop rudiers:

Span, percent of wing span . . . P o . . 21.5

Landing flaps:
Span, percent of wing Hpan . + .« + « 4 4« s s s+ o« ¢ s e 0 o« 35.3
Total area, percent of wing area . « « o ¢ ¢ s ¢ « 3 ¢« « + » 10.1

NATIONAL ALVISORY
COMMITTEE FOR AERCNAUTICS
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1/20-80ALE HOTKLA CF TER MONTERC™ E-% ATFOLANE

Change from tng) E1%h
w1,  crigiaal, clean Losding Troe of Lawschine LooALnG| plany | Laning [a1oey|X-rizcatat | spitt | sarachure] DO%8
configuration AP0 1{deg)| Wmar aree rodiers [ urrackeq |FTUMOStEL
- oD table
1 Ecae Flisht test comdi- |~'ith initial ptichise Noutral
t1en nmber 1 rosaticn Retwaoted|¥eae | None Yene Foe ™
-2 ) 4 [Released from moes-vg e=edp-s| 0 |--edgeaa ———
vertical attitels do=-=]~do- o oDELY TE TR R PO
b1 20~ 4 with noes egge- | ---dce-§ 0 foacelomen|egne [e-n a
imataly 70° do--=|~do ~do---s - YI-A
R horizontal
4 . leased from berilope! c~=edg-={ O {-emudoe-=|- —m-
akiode do--of-do- |--o-domn | cctomensfaotomnen | vap
A ~do- -4 into With [ vecdoes| 0 f--idpeca)odon |e-a-don Ao
nose alizhty sheve R -r B I B
4 Pewivalent ~ecdpeel 0 f-a - - foen
fin ~do---|-do o-ves Leodo-ennfoocdoea | yyay
area
T ! 4 Relsaned from me~de== O f--edo-e- FYS 7.
a vertical atiitaie ~da- |---~ta d seodos-a- | v-B
Booe of grevity [Hith initial pitching meedoe-| O |e--do=-- - fe- cmm beedgen-
s s eiom -do =do- dg-=a=|eu-domnna | yyeg
ot
mormal leoatian
for flight test
ocodition
nowhe— 1
q 4 4 Feluaned from sode-9g ~e-do--| ¢ |-~-a8-- om freadgenan
vertical sttitele ann [-o do- ¥-¢
10 |70-percent span icht test Mith initial yreching =~-do-+! 0 }--do-- POpem -4 4 —madgemn=
auxiliary lesding- oondition rotation Ivr-p
odge xlats nomber 1
n |--- do= a4 )] A Frrm w =~ - --- - jwm femmedgeann fhasdomnnu
vertical ~trieviy i B do---{~o ) reedo-uas | wup
12 Jiith fnittel pitcMes ===20--{ 0 [---d0-=-|-80-n|-=--o~enn fucdgmennfenidponan
rosation e s
11 Beleasel from mr-W ===dg==| 0 Jou-dloun-|-do--f-v-edomann |-c-da-nac]anndoenan
" vertical attiis 4o vE
[=-75 type split wmmannernOnammmeees With initial pliching -=-do==| 0@ |---do---|%ne |----do-~--- {H60% on [-=-d0---- .
roiders installed rotation beth w-r
L d d Feleased from NOwm-uy =—wdp~=f O & Ao~ " o
vertizal atiitole ¥-r
2% handing s wewemmdOm e meme e With inizis) pitwking 50% dom (26 op Ry r<ted |<do-- |----@oera. -e-dp---» { I¥-G
Totation
17 |------ mrdo-=-mesmm== b O Felsased *rom ~=~do-- |26 wple-- iom-- endgee=s | V-0
. vartical attityly
12 flape -~ 4 toea -3 ==~do==| 0 L-- foea- I P =
defleqtad and 4o~ ¥-E
I.ﬂl.nsd’u‘
15 |.nding fleps oo ms - D e e B R ) [Py Wy,
Aefiscted it o i
2« | ding gear - 4o~ T e te e == Bewtral -4¢sef-=<m80m==n |-nedpmcuc |aaadpoaan
ertanded &0 -
% |Pitch fage [ ZEE) RSV PEETIN I P Sy R pu x
4sflacted do- do~ -x
20 |Borizontal ares -do--|Equal to [---do~---|---do---- | T¥-E
10 per-
ceat of
wing
area
n o 'fla medom=] 0 J--octo-se|-done]|-ncedomnns]nedomnen f-ndgenna | wer
a With inttial memdg==] O J-v--do-=~[-d0--|Equal
» rotation - F‘:’__ I¥-E
cent of
ving
N A aea
S ‘ s rmh [ o I R e et
. 4 With nitial yiteeE’ | _.g0.f o [e-eogo--.f- R S -
P tton 4o - m;l to ~&o- ~dg==== | I¥-J
cent of)
wing
area
& Felsased from i b e-do-f © 4 -&0--} a --do---- -
o e i v-x
4 With inftied #ﬁ | ==~to-q4 © |----do=--|-d0--] Rone maedgemn=
26 | Two par rotation vIII
- a —do- —g— --do-4{ © ! —~do-+ 4 -and vrIx
i P yote -3 e -==40-4 4 -do- 4 amedgeann YINX
installed

WATTORAL AIWYSORY
COMMITTER FOR AKFORATTICS



TAELE TIT.- MASS CHARACTERISTICS AND INERTTA PARAMETERS FOR VARIOUS LOADINGS POSSIHLE

ONTEENORTHROPN-Q‘IAIRPLANEANDFORTHEI.OADINGSTESTEDONTEE1/20~SCALE}D]IEIS

[Mod.el veluss are presentesd in terme of full-scale valua:ﬂ

Center-of-gravity Moments of inertia about
W location center of gravity
- Yelght
Loading () | sea f15,000] x z p
level | feot H 3 2 2 2
(slug-£t2) | (slug-£+°) | (slug-1t?)
Alrpiane values
1 |Flight test condition number 1| 6,517 [2.90 | 4.61 | 0.29 | -0.04 19,045 2,208 81,099
2 | Flight test condition mumber 2| 6,717 |2.99 | 4.T5 27 | -.0h 19,058 2,574 | 21,373
3 |Flight test condition nvmber 3| 6,017 |3.08 |h.R9 25| - 19,051 2,879 | 2,65
Model values
1 |Flight test condition nmmber 1] 6,526 [2.91 | k.62 | 0.29 | -0.0k 19,138 2,27k 21,298

NATTONAL ADVISORY

COMMITTEE POR AERONAUTICS
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SABLE TV.- TROLING CEARICTIRISTICS (F TEE 1/30-8CALE HOTKLS CF TEE NOBTINCT N-GM ADIPLAXE

VIEEK LADWCHED WITX TNTTIAL PTICHING ROTATION

roomel sirspesd for all teats ves approrimataly 65 feet per seacnd]

CONFIDENTIAL
Chenge from @ Whaet |Landiag|FitoB|renting
original, clsan Losding mﬁﬁ, Stiok position MQ_;,, e e B Behavior of modal
oonfigaration rotation {deg)
A. Original model
Hone F1ght teat canfltion| Pouitive Yull back  [Fall left [Neutral}! O [Retracted|continued twmbling.
1

-~ i vamber | a Pull forwwrd |--edoemne| vedoenf 0 |--mcdoesn Do.

Po 4 4 Full ek  [Newtrad |-+-do-=} © |---—d0-.- bl ing;
stopped tumdling st ceotllated in
pitch approximatsly #1205 measured
from the nose-down position matil

Do~ & 4 ----4 =~=do--] 0O

o 4 4 Full frwrd  [----do---=|-~-&o--] 0

Do -4 A Tull beck  |FW)Y right|---do--| ©

To & Negative Fall bask Fall left]---do--| o

Do 4 4 o) Mrward  [----do=-sc[=vedo--] ©

Do a 4 Toll Yaax Neutral |[-v-do--| ©

™ 4 °

Do 4 ]

Do & @

tumb] ing}
stopped twmbling ant oscillated i.n
Pitak apy 1200
from the nose-town yosdtion matil
striking safety net.

3334344
b B -

mROROMN20000 O

twbling.

C. Bffect { omtear-of-gravity looatiom

L.C T ‘Cnh:-of Gl"‘ib’ Pomitive Tl Ack Fall leftiNeutral| € [Retrected Continued twsbling.
% percent
forwsxd of m_.'l.
location for
flight test
candition
Do Tmber2 ---edo--a- o |----d0--- Do
Do- r Q [-===dge-- Do.
Do - r ©  |v---dg--- Do
Po- & ¢ |r=--do--- De.
To. 0 Js-~-do--- Do.
e, _ a ¢ |~--vdo--- twmbling, madle two oscillatians
in pitch of approximmtely $120%
from the 4 position,
then cecillations started to damp owt.
Do 4 Full foywed |----d0----]|-~=d0==] O |~-<-do---{Bomstimes coutinued tushling; wcmetimes
atopped tumbling, made two oscillations
in pltah of appr-risately 4120°
msagured from the nose-icwn positiom,
3 then ~ecillations started to ont,
Do a -~ Neutral |---de--] @ do--- twibling, made twe oscillatians
_— in pitek of w-t‘!:
msasured from the nase-dcwn positiam,
= then osoillaticone started to damp out.
& - —ecdg--e--} WASL c-lguse-lencdoea| 0 ju-acdoe-- Do
bt Py a PP | -emedoe--nf---dge=| O f~---do---|Gometimes continued tumbling; sametimee
Po ===m=ms - £ stopped twabling, mele two oacillsticne
in pitoh of approximately 1202
msasured from the noee-iowm pcln.icn,
then oscillations started to
S PS—— 3 yavex  |Pull rightf---do--| O |[~---do---|3topped tmmbling, made two oclnltzau
Blast in pitch of approximately £170°
from the noss-dcw position,
then cecillations started o damp out.
cFIDENTIAL
COMITTEE FOR ALROKAUTICS



mn.-mmamzﬁm—mmwmmr—mm-w

NACA RM No. L6L10 20

Chenge from indtial Wheel Lﬂ.i.nq Lepding
original, cleem Losding pltching |31k yomltiay pogiyson asar Behavior of wodel
oot igwration (4'8)
D. Bffect of Wyercent spm slots
20-peroet wpan, Fight teat condition| Positive Full dack  [Full laft ) ” tamling,

axriliary leeding- oamber 1

oige alsts

instalied & & Fall forsert 3 & ] & continued ines

» male two cecillations
in pitch of approxima $120° measured
Tistt u‘-.m, '

cec:

Ao~ ~40! Tl Yk Beutral 4 ] A t:!.nc. to :

& 4 Heniral ----dn---- ==do==| 0 {-eu-dp--- Po.

4 4 Foll fwwerd 4 o & To.

& 4 Fall wack nn - vighti-<-do-=| & ]----do--- Po.

4 4 Pull forwanl -4 o & To.

4 Negative ol deek left |--~do-=| O |----d0-a- Do.

& 40--—~|Full frwmnd Jo--=do-=-=]=m=dp~=| 0 [---udgea- Do.

& 4 Tull dack Bewtral |-==do-=| O |ecacdpe--| . made two cedlllations
in pitck of approximately )

the 4 position,
. — . ., a . then osoillations started to damp out.

Do & < Fall et )y < b1 by [Continned twmbling o

Do Py 4 Full ok  lretl rightf---& ° & Do.

- — 4 S0 Full feverd |---cdpescc|-cedo-s| O [eo--do--- Bo.

A. Effest of Fpercent span alote
¥5-percent spm, Flight teet ccniitian | Poaitive Foll Mek | Foll 0 [Betracted footinued tubline.
awxiliary leading- nrmber 1
ingtalled

Do - & -4 Fullbrwel & 4 @  [----do--- Btoyped tumbling, made ons or two
uecillations in pitoh of approrimately
$120° meamured from the
yoaition, cscillaticas startsd to
Adamp cut, then dived.

To 4 F==-do~==--| Fallygy | Feutrel 4 -] 4 tmbling.

b ] 4 % Beutwy_ |----do~vas]=--do--| O |-r--do=-= Da.

foosd a Y Pull Aol |---edo-cecfec-do-=| @ |----do--- Bomstimes continued tumbling; somstimes

- wtopped twmbling, made coe or two
dscillations in pitch of approximmtely
£120° measmred from the moee-dow
position, cscillations started to
dmap out, then dived.

Do-- 4 o Follleck  |Ful) risht]---& [ do--~ tambling,

- Do- 4 4 Follhverd [----dg----| :-=daes | 0 [e=ac-doe-- Do.

Do==ere=—- - X L1 o back Full leftf--—€e--f O |---=do---[Stoppel tmmbling, made one Or two
decllaticas in pitoh of m.-hl;
4120° measured from the nose-dowmn
pasition, cscillations started to
damp out, then dived.

4 4 Folrvesk 4 4 Q & Sometimes continwed tombling; sceetimes
stopped ¢ , made one or two
decillations in )i.tch af w-uz.y
4120° msasured from the nose-
position, oscillations -hrul. o
damp cut, them dived. o

- & & Fuldack Beutral |--=do--| O |[----dg---|8topped trmbling, made cue or

Do omaillations in pitch of mh:l.;
£120° meascred fram the noss-dowa
poaition, oscillations started to

B out, theo dived.

& Now camcdge-or] rasdo=-] G | ----do~--|Continued ing.

=em=edo--===1 Fullpyerd 4 4 4 4 Do,

r? Tapaskc | Feil righy ---do-- G | -~=cdpe«=| Stopped twmbling, mads ona or two
omoillations im pitch of spproximately
£120° measured from the nose-down
position, oscillations etarted to
dmmp cut, then dived.

a - ] & fambling; sometimes
Do-- stopped tumbling, mede ome cr two
oscillaticas in pitch of qyruzl-hu
£120% measured from the nose-down
poeition, osclllatinas started to
dawp owt, them dived.
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unxn.-mmmmormw-wmwmmi-um-can:x-l-a

Change from T ™
ind t1 Vheel Lanting Fitol
original, olem Loeding Stiox & Landing
s Slow ,gu:.:: post yosition| flape a-::i osar Behavior of model
T. Rffeots of split rodders
T3-35 ype smlit Ylight test ocoAitiom; Positive | Fell beck [Pa) left| Newtrad] o
ingtalled maber 1

13333331313

hlbii{ih...
b4
]
ocococecoooona

Fiight tast codition| Positive
mesber 1

2 p— ral RS-
macaldgmccn|-eadgm-
eomafignmns foccdgae

Full right|---do--
cnnndgenen [smmdgen
Full laft|-==do~-=
Beutyal |«=-do--

bt vaghs |-—da--
I

Hegative

me
it

00O0QOO00C00

Y Y Y Y Y III I

P |
. Xffeot of installing harizesl srea equal to 10 percent of the wing

Morizontal area eqmal [Flight tast condition] Positive
to 10 percent of mmber 1

Foll left fNewtral| ¢ [Metrected

Etopped twbling, cecillations in
pitch dsmped cut repidly, them dived,

!.mtdmmﬂ:mqﬂm5m

Full ook
the wing area
installed m &
‘boom rearverd of
a a lFall fwrward o Do.
Py by Tull Yok o Do.
4 4 ¢ Do.
Dome=-seecen 4 Ful), forwerd ] Do.
Da=- & & Fal) deek ] Do
Do & Foll servart < Do.
PO~ r=mvemmne | mem——mmeadgmma e Tull dask o Do,
o —— & Tul) forwand Q Do.
Do . & Jull Yack [ Do.
4 & Famtzal Q Do
4 & Full Dyl a Do,
4 & T, et ¢ Ba.
& 4 Poll Serwerd! -===d0---« |-cdo--| O Do.
oot
[

Borirontal ares squal [Flight test oondition]| Positive
owiber 1

F.L\hﬂ [Seutral

Stapped tumbling, osolllations in
pitch demped cut rapidly, them dived.

Pl et
on & boam
of e h--,-.------- % & yult ot |--ecdo----|c-—do=-| O |-c--d0--- Do.
Do~ . & Foll back W & Q &=~ Do.
Dom- a & Rewiral & cando--| © Da.
Do-- 4 4 Full taward |--=-do---=|-=-do=-| © Do,
Po-ewmmeemnn 4 & Foll, Full ~tght{---do--{ O Do
Do-~ o= | mr—aam e efig= s er—e—ee] Fogative - 1l left |-o-do--] O :
o a 4 Full 3o~ g o
-—————— & T ok .
Do~ & & Fuil anii e e Do,
4 4 Yull foremy| ----ko- )] :
& 4 a1 dack | Full right] ~-—do--] O .
J.mneumumquuuzmmnfmmm
Borizootal area equal [Flisht tawt candition] Poaitive 21 hash Full left |Neutral| ¢ Retrscted] Contirued todling.

to 2 percent of the nomber 1

R o B - -do - Do

[-1-]

Fextral |~--do—- =dg--~
emmedgeeac]|vecde=-]| & |----dg--~

Do.

Bomatimes continued tumbling; scmstimes
stopped tumbiling, mele me or two
oscillaticns in pléch of aporoximately

1207 the &
pesttion, cecillations started to
demy out, then dived.

Continusd tumblins.

4, -=-do--| ©

Foll right{---do--{ © Do,

Full left |---do-- ) Do,

Lkt L UL CEES R0 a Doy,

Beutral |.--do--| O Some timen tmbline; ecmatinmes

tumblins, wade one or two
osaillations In pitch of apprrimmtely
#] meamied from the ncse-iown
peaition, ceoillations started to
dmmg cut, theo iived.
g Centinued tumbling.
Full right [--de--[ O Do.
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TABLE V.- TOMBLING CHARACTRRISTICS OF THE 1/20-SCALE MODELS OF THR NORTHROP N-oM ATRPLANE VERN RELEASXD
VITHOUT ROTATION TROM A BOGE-UP VERTTCAL ATTTTULE
[Toomel atrepesd for all terts vas approximately 73 feet por second full scald

S —

Changs from Pitoh
originel, clean Loading Btick positic Vheel flape| Ladding
confguration Positicn | flaps [(100)| gear Beharior of model
A. Original model
Nono Flight test condition| Full beck Tnu left (Neutral| o ‘ﬂ-tmm[s‘-tm- tombled; sometimes
mber 1 oscillated pltch approxi-
mtely £ from the
nose-down position mntil
Domceenmmmun| caemcmancdgmmmnavecaee|Pull forwerd | --=-dome=s| secdo--} 0 |--eedoen- striking safety cet.
Do=- -— do Fnld tack Noutral |~==do==] O |~==-dow-- Do.
Eoau—— : ol \-o--do----|--da--| O fo---do-n- Do
cemmmmcmedgmemmvaan==|FRl) forwsrd F---d0-a-el-acdg=c| O [emecdomn- o
mememmanodpenmemsa=a==|  Pull back right] cmedome| @ |omm-domen Lo

B. Fffect of Miivalent propeller fin area

Equivalsnt propeller
£in area installed

mmber 1

Do=a=n

Flisht test conditfon|Pull forward me

/

Neutral| o

Full back . Neutral |---do--{ O

wemcdo=me-feacdo--f ©
weeadpense|medo==| 0O
Tull right|---do--| ©

Retracted

[Py S
———den=
aendOena

~=e-dg-~=- (Sometimes timbled; somotimes

sctlinted in pitch approxt-
mately $1200 meamned from
the nose-dosm position mtil
striking safety net.

nowe-down position wntil
siriking safety net.

De.

Do.

De.

C. Effect of cavr-of-gmavrity location

Tull vack }l.lluﬂ; Neutral| 0O

None Center of agravity

5 percent ¢ sprroximately $120°
forvard of normal from the nose-down posttion,
location for thenr cecillations started o
f1ight test condi- Axmp .
tion ommbar 1

Do -4 ~=|¥oll fosed |---~d0~~-=]=<-d0=-] O |-===d0«=- Do.

Do-- 4 Full Mok | Neutral {---do--{ @ [--=-do--- Do.

Domemmmmans e seeedgeman]ewedome| O |e=mcdo-=- Do.

Dow= Tull forwesd =--do-==-i~--do-=]| 0 |----d0--- Do.

DO wmmmmmme | cmmrmmnncfpmenew==a-= | Full back right]~==do--} O [--==Ao--= Po.

Daeen- do. —na|roly ¥ ---40=-=x]~--do-= | 0 [----do--- Ds.

*htmtdhnb twc oscilletions in pitch of
measured

D+ Effect # ZpoTcent spen alots

edge wlat:

installed
DO-mommmmams | ommemae. cdgmrmam——nn
Do-mmm=a==~ B CEEEE acmeldQuemeeenman
DOmmmmeemrcnn | mm—— wamedQevmamnar
Do---mmmmmu= P I L L P L e

Flight test condition
mupber 1

Full forwed
Yull beay.

»

Neutral
a1l tum‘----dc----!

Full ek (Tull left [Neutrsl! O

-e-cdoe-nn|~-—do--] ©
. Neutrel [--~do--{ O

jneerdpenn=|caudo--| ©
~-edo--| O

Yol rightf{---do--| 0O
---40-=u-]wu-do--| ©

[P,

[ P

[ p
[P .

!Ratnchd Tmﬂe two oscillations in pitch of
Do
ac==dg= =~ [Sometines t\-hleé,' scmstines made

Do,
mea-dg==- [Made two oscillatione in pitch of
tely 41209 ol

approximately $1209 measired
from the nose-dowm positionm,
then oscillations started to
dosey out.

two oscillletions in pitch of
approximately $120° meanured froml
the nose~dcwn pokitien, them
oscillations started to damp ocut.

wppr
from the pose-down positlon,
then oscillations started to
demg out.

Da.

Do.

o S

NATIONAL ADVISORY
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TABLE V.~ TUMELING CHARACTERISTICS OF THE 1/20-SCALE HOMELS OF THE WORTHROP X-SW ATRPLANE - Continued

Loading

Wheel
8tick pom'.iu:l\p. fefon

Landing

f1leps (geg

Landing
goar

Beharior of model

E. Xffeot of 3%percent spen alots

Flight test condition
auxiliary leading- nmber 1

[N edQmm—m——— ———

PR dg=- o

Po--

Doemmnnamenn

-==do-- | @
==-do-- | 0

~=~do-e | 0 |-a-gpe--

Qoo

etracted

Y, PV
comadgman

Mate cne or two oscillations in pitch
maasured
Scmetimes t\nuo&; sometimen male cne

Male cne or two oscillations in pitch

of approximately #1200
fram the ncss-down position, omscilla-
tions -u.rt;: to damp out, then dived,

or two oscillations in pftch of
approximately $120° measured from
the nose down position, oscillations
started to demp out, then dived.

of approrimately +120° meastred
from the noss-down position,
oscillations started to damp
out, then dived.

Da.

Do.

Do.

I8-35 type split

ruodders installed

and deflected 160°

o both wing tips
Do

o000

Q -

0 |[Retracted

[ 7S

= -

PR 5 o

o l----do---

0 |----do---

o |----o---

josc11lated in pitch approximately +120°

scillated in pitch approximately
$120° moaswred from the nose-down
position mtil atriking safety net.

Do.
Do.

tumbled; scmetimsa oscillated
in pitch approximately *120° msagured
from the nose-down position until
striking safety net

neasured from the ncse-down position
mtil striking safety net.

——edo---

Owcillated in pitch approximately #1200

timen tumbled; sometimes oscillated
in pitch approximately $120° measured
from the nose-down position until
wtriking safety net.

neasured from the nose-down position
mtil striking safety net.
Do.

000Q0Q

——eadp---
[ P

——==do-=-~-

[ P

——edg---
——do==-

Made cne or two oscillaticms In pitch

of approximately 1120¢ measured
frem the nose-down positiom,
oscillations started to demp out,
then dived.

“m=ndgacua

cmecdmc

cemdomu

~emdo--
amedo-=

o0oQ

Made one or two oscillations in pitch
meamued

of approximately +120°
from the nomse-icwn positicn,
cecillations started to demp out,
then dived.

Do.

Do.

Do.

NATYONAL AINISORY
COMMITTEE FOR AERONAUTICS
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TABLE ¥.- TUMSLING CHARACTEPISTICA OF TRE 1/20-8CALE MOTELS OR THE NOCTWHOP N-ON ATRPLANE - Concluded

,-?"“""gm foie Loading Stick position| Vheel el Landing
o " ean pos’ 1 model
configuwration Position | flape (dﬂ”; gear Behavior of
I. Xffect of landing flaps
Lanting flaps Tlieht test condition] Full back [Pall loft [50°&ce] © |Retracted] Kate one or two ceciiiatioms In piich
deflected nomber 1 of approximately $120° measmred
from the nose-down posttionm,
oscillations started to damy out,
then dived.
Do=e= do- Full forwerd 0 |-emcdgean Do.
Dom=ammmmmme] mneuceana domm=mm==man Foll back 0 |--=-do---| Do.
Do--- d . G f----do--- Do.
Do do==ommmmm—— ). forvard 0 |=e==do-=- Da.
Do - & Fall beck Q0 |=e=-lge-- To.
J» Effect of landing gear
Piteh rlaps Full dack Teutral l!mm 0 (Extended |Scmstimes tumbled; scmetimes osoillated
extended in piteh approximately £120°
msasured from the nose-down position
until striking safety nst.
Do Neutral  [-=-d0----|---8om-]| @ [--=-d0--- .
Po- Foll forwwd [----8o--==|-ecdo-=] 0 |--=—do--- De.
K. Hfect of pitch flape
Pitch flaps Tlight test condition Full beck |l left F!cnt.rul 26 qﬂ Retracted |Sometimes tumbled; -:nti.-. a.clnltad.
Reflected nomber 1 to pitch app 41207
from the nose-down msum mtil
mtriking safety net.
o 7. R Full forwerd {~~~-do---=lacedo=-}i-=dof ~===d0--~ Oncill.ltod. in pun:h approximately 11300
from the 4 position
mtil etridng sefety net.
Dom==- 4 Full back | Weutral |---do--]--do~f ----do---]Gometimss tuabled; .o-u-- oocil.llhd
in pitch appr
from the nowe-1owm pclit'm rtil
striking safety not.
4 Heutrel ~=edo=~~={==edg-=|--doq ~=--do-=~ Do.
w===dg==- Da.
“u--dQ-== Do.

perosnt of the wing area

Norizontal ares equal [Flight test condition| Tull beck [Pl left Preutral] o [metractot|usde cne or two cectllations in
to 10 pexcent of nomber 1 pitch and then dived.
the wing area
inatalled on a boom
rearvard of the
Pommrem=mman -do 4 Beutral |---do--| O | ~==-dg--- Do.
Do-= 4 atral -—do---=|-=-40-~] Q [ ~--~do--~ Da.
Do--=- & Full forwerd |-—do----|---do==| 0 | ===-do--- Do.
Do-ammm==—mme |ommem e ~dgrmmmo—— -— Full beck |Ml right|---do--] O | -=-—do--~ Do,
M. Iffect of installing borizental axg equal to § percent of the wing area
< in
Borizontal area equal [Flight tast aondition < R-tru:t-dllﬂh one or two cecillations
to % percent of the T 1 pitch, and then dived.
-] Da.
>} De.
© Do.
(] Da.
(] Do.

cf the wing area

Flight test conditiom
nomber 1

[=X-2-Y- X

Made ane or two cecillations in
pitck, and then dived.
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TABLE VI.- TUMBLIRG CHARACTERTSTICS OF THE 1/20-SCALE MODELS OF THE NORTHROP N-GM AIRPLANE

WHEN RELEASED WITHOUT ROTATION FRCM A FCRIZONTAL ATTTITUIE ARD FROM A FOSE-DOWN ATTTTUDE

E‘mmel airgpesd for all tests was approximately 75 feet per eecond:—._l

ange from Pltch
orghginal clean| Ioading Stick Wheel | Landing] p)apg Imgar Behavior of model
3
cont1 tlon position | position flape | (4eg) ae
A. Nose of model approximetely 70° below horizontal vhen relsased
ot | Full back | Full left | Newtral| 0 | Retracted|Dived with oscillations in
Kone nioﬁiﬁm pitch of approximately 15°
Do~a,__. —---do-.f_i'_ Pull f,ﬂ“ﬂ —cmugge--{ “7=d0-=] 0 -=--do--= Do.
o R Kol PO Py ek . “=~do--[ & [ -+--do--- Do.
Do--3%37 | waengo-I022 Neutral S’ - - DUV > (R (Y- Do.
Do--=n=u . Full forward| ----do--~ | ~~vdo~~] 0 | ----do~-- Do.
Do-vunwa ====lQ=e=n~ Tl back Full righy} ~--do-- 0 remedgm—-— Do.
B. Model horizontal when relessed
Rone Fliight test | Full back Full left | Natrtral 0 Retracted |Made one or two oscillations
condition in piteh of approximately
number 1 +40° then dived with
oscillations rapidly
diminiehing in
amplitude.
I SEEEEE ~wmedpe--—- Full forward| ~=cedo--- | --ndo-- o} ===nlp=an Do.
Do--r==n L Full back | Nemtrsl |---do--| 0 {----do--- Do.
Do-=mm-- meeellom---- Neutral meeedge-- |-n-do~-| 0 |]--v-doe-- Do.
Do-r=v=~ “~e=-do-===n~ Full forwamd| «e--dg--- {-=-do== | 0 |-~--30--~ Do,
Do-=-==-n v=-=d0-r -~ Full back | Poll right{---do--| © |----do--- Do.

NATTONAL ADVISORY
COMMITTEE FOR AERONADTICS
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TASLE VIT.- TOMBLING CHARACTERISTICS OF THE 1/20-SCALE MODELS OF THE

NORTHEQOP K-oM ATRPLARE WIEN IMPFLLED INTO TUNNEL WITH

TOSE SLIGHILY ABOVE THE HORIZONTAL

Emmnel airspeed lor all teste was approximately 75 feet per saconrﬂ

Chenge Trom
originily ~lagn
confimation

t Hene

Toading

"‘-\___—T
11 3, X

cond2 ¥25h

nwmber 1

Stick Wheel
pesition position
b—
FUll pagk  [FULD jeft
M1l forward| ====Ao---~
Full back Keutial
Meutral —===dQ-r=-
rull forward:----lg--~-~
Full bdack [Pl rizht

iIn pitch of approximately

Pitch
Landing flaps Landing Behavior of modsl
flaps |(qeg) gear

— S

Reutyglf © |Retrncted|Made one or twe oscillations
160° then dived with
escillations rapidly
diminishing in
amplitwde .

---do~-] 0 [|---~do--- Do.

---do--| 0 |----do--- Do.

«==do--]1 0 [----do~-- Do.

~==do--| 0 J]----d0--- Do.

~--do=-| 0 [----do--- Do,

FATIONAL ADVISORY
COMIITTLE FOR ARLOITAUTTCS
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TABLE VIIT.- EFFECTIVENESS OF PARACHUTES IN PRODUCTNG RECOVERY FROM ESTABLISHED

TMBLES OF THE 1/20-3CALE MOTELS OF THE NORTHROP N-GM ATRPLANE

E:lean configuration; flight test condition nmumber 1; stick neutral; wheel neutral; pitch flaps neutral;
landing flaps nsutral; landing gear retracted; towline lensth as indicated; point of towline
attachment ag indicated; diemeter of parachutes, 7 feet full scale; drag coefficlent of parachutes,
approximately 0.7; tumel airspeed for all tosts was approximetsly 75 feet per second full scale;
models lavmched with initial positive pitching rotation; recoveries from tmables attempted by

opening parachutea as Indicate

Towline
Timblee for
Tovline tgttached ( f]l;;lng:: ale) Recovery attempted by recovery after Remarka
parachutes opened
(£t)

Piyad vortion of 2.8 Opening 2 parachutes, >3, >’.-15 Towlinee and parachvies wrapped
wing betvsen one attached to = aromd wing, model continusd
elevon and each wing tumbling.
pitch flap

Do==mnces 30 .0 ““““““ "'"do ---------- >3, >3 Da.
Rear portfon of | 10,0 [ -e-me-ee- Qomnmmmmmnas 13, 13 After recovery from the tumble,
wing tip model oscillated in pitch
approximately 190° measured
from the nose-down position
mtil striking the safety net.
Do-memume 30.0 ] ee-mmmaas do-wemmn——u 1,1 Do.
Do--===== 10.0 Opening parachute 1, 2 Do.
attached to right 2
wing tip
Do=mm=-- - 0.0 | --=mee——- do-=—=um==rn 22, >3 Model continued tumbling.
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FIGURE 1~ THREE-VIEW DRAWNG OF -p‘EéLo-SCALE MODEL OF THE NORTHROP N-OM
AIRPLANE AS TESTED IN FHE 20FO0T FREE-SPINNING TUNNEL.CENTER OF GRAVITY
SHOWN FOR FLIGHT TEST CQnpriON NUMBER .



NACA RM No. L6L10 Fig. 2

- ~ -+

Figure 2.- A 2%-s.cale model of the Northrop N-9M airplane as tested
in the 20-foot free-spinning tunnel in the clean configuration.
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Figure 3,- A %-scale model of the Northrop N-9M airplane as tested
in the 20-foot free-spinning tunmnel in the landing configuration.
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FICURE 4.-SIMULATED SLATS TESTED ON THE &-SCALE
MODEL OF THE NORTHROP N-9M AIRPLANE,



-
«Sees
*
L L L]
LR L J
* e L3
¢ s &
* a0
agee
[

NACA RM No. L8LI10 Fig. 6

<
=

0
A*tj:{ ¥ =

SECTION A-A “'\\"'4”

]
FIGURE S5-LQUIVALENT PROPELLER FIN AREA
AS TESTED ON THE SSCALE MODEL OF

THE NORTHROP N-9M AIRPLANE.
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SECTION A-b

NATIONAL ADVISORY
m COMMITTEE FOR AERONAUTICS

FIGURE 6.~ INSTALLATION OF HORIZONTAL

AREAS ON A 33-SCALE MODEL OF THE
NORTHROP N-M AIRPL ANE .
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T N-OM PITCH FLAP; D39 SPLIT RUDDER
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N-O9M RUDDER CONTROLS
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SPLIT RUTDER HINGE LINE 60
XB-35 RUDDER CONTROLS \</
— NATIONAL ADVISORY
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FIGURE 7 .-COMPARISON OF THE RUDDER CONTROLS OF
THE NORTHROPN-9M AND XB-35 AIRPLANES.
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POINTS OF TOWLINE ATTACHMENT

FIGURES ~ LOCATION OF THE POINTS OF TOWLINE
ATTACHMENT FOR THE PARACHUTE TESTS ON
Aé'-c—,-—SCALE MODEL OF THE NORTHROP N-9M
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envel NACA RM No. L6L10 Fig. 10
ol CONFIDENTIAL % T

VERTICAL DISTANCE TRAVELED IN 4 SECOND
APPROXIMATELY [50 FEET, FULL SCALE

HORIZONTAL DISTANCE TRAVELED IN { SECOND f
APPROXIMATELY 75FEET, FULL SCALE

- Fieure 10.-TYPICAL PATH OF THE'i-SCALE MODELS OF THE
NoRTHROP N-9M AIRPLANE DURING A TUMBLE.
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CONFIDENTIAL  coMMITTEE FOR AERONAUTICS



NACA RM No. L6L10O Fig. 11

S

Figure 11.- Typical tumble of the 2%-80ale models of the Northrop N-9M

airplane when released from a nose-up attitude. Clean configuration, stick
full back, wheel neutral, scoop rudders and pitch flaps neutral. Camera

speed, 64 frames per second. Velocity of airstream, approximately 75 feet
per second, full-scale,

MATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTIGAL LABORATORY ~ LANGLEY FIELD. VA.
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Figure 12.- Typical oscillatory motion of the Elo—-scale models of the Northrop
. N-9M airplane when released from a nose-up attitude. Clean configuration,
stick neutral, wheel neutral, scoop rudders and pitch flaps neutral. Camera
4 speed, 64 frames per second. Velocity of airstream, approximately 75 feet

per second, full-scale,

<t
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Figure 13.- Typical action of parachutes in producing recovery from an
established tumble on the 2%-sc:a.le models of the Northrop N-9M air-

plane. Clean configuration, stick neutral, wheel neutral, scoop rudders
and pitch flaps neutral. Camera speed, 64 frames per second. Velocity
of airstream, approximately 85 feet per second, full-scale. Towlines
attached to rear portion of wing tips. Parachute diameter, 7 feet full-

scale., Parachute drag coefficient, approximately 0.7. Towline length,
10 feet full-scale. NATIONAL ADVISORY COMMSTTEE FOR AERONAUTKS

— LANGLEY MEMOMAL AZRONAUTICAL LABORATORY = LANGLEY FIELD. VA
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